SUMMARY: The monitoring of fisheries target species in three marine protected areas (MPAs) located in the NW Mediterranean provided important conclusions on management effects. The abundance, occurrence and biomass of large fish showed consistent and growing trends inside the MPAs. Fish diversity was also favoured by protection. Nevertheless, spatial variance of these indicators at a medium scale was often of the same order as that caused by time between different protection levels. The carrying capacity was determined for the first time in western Mediterranean MPAs in five out of six sites studied, and in all cases it was achieved within the first five years of protection. The observed values indicate that the system of the studied MPAs is representative of the general coastal environment of the Balearic Islands, but is far from the potential of other MPAs which are considered as hot spots in other localities. Likewise, this study shows that partially protected areas can also be fairly effective if their habitats fit with those required by target species and fishing modalities are suitably regulated or banned.
INTRODUCTION
Over the last few decades the number of marine protected areas (MPAs) has constantly increased (Wood et al. 2008) as a response to warnings made by many authors about over-fishing and possible collapse of a large number of fisheries worldwide (FAO 1995 , Jackson et al. 2001 , Worm et al. 2006 , Mora et al. 2009 ). MPAs are generally created with the dual purpose of conservation and fisheries management, and are useful tools for ecosystem management of marine resources (Agardi 2005, Angulo-Valdes and Hatcher 2010) .
In the Mediterranean there are currently about 100 MPAs, most of which have been created since the 1980s mainly around the northern coast (Abdulla et al. 2008) . Despite this general increase, some authors have described major problems that need to be solved, such as MPA habitats not being entirely representative, the high level of isolation and the need for more effective surveillance and monitoring (Reñones et al. 1998; Abdulla et al. 2008 , Guidetti et al. 2008 .
The Balearic Islands are no exception to the general increase in MPAs. In 1997, within the framework of fisheries legislation, the autonomous government issued Decree 91/1997 for the protection of marine resources in waters under its jurisdiction (BOCAIB, No 89, 17/07/1997) . Since then, seven fishery MPAs have been created in the Balearic Islands, with a total protected area of 49587 ha, 7.3% of which has full protection (hereafter called no-take areas).
Within the Balearic Islands MPAs, habitats are protected by eliminating or regulating the more aggressive fishing methods (e.g. bottom trawling), and extracting sand for beach regeneration and anchoring in seagrass meadows is also prohibited. Species that appear on red lists are protected (Mayol et al. 2000 ; Annexe IV of Habitats Directive 92/43/EEC). However, the main purposes of the MPAs are related to fisheries goals: a) to provide safe sites with maximum protection where species can attain a more natural demographic structure with a higher proportion of older individuals with greater reproductive capacity (Plan Development Team 1990; Berkeley et al. 2004; Reñones et al. 2010) ; and b) to test the response of the buffer areas around the notake areas, which have different regulations for fishing effort and gear and could benefit from the export of biomass from the no-take areas (Goñi et al. 2008 , Harmelin-Vivien et al. 2008 , Forcada et al. 2009 ).
In the Balearic Islands the demand for new MPAs continues to grow, especially from the professional fishing industry and the tourism industry (three and two of the seven MPAs were created at the request of the fishing and tourism industries, respectively); thus, there is an increasing need for assessments of MPAs to provide references for decision makers. Now, with the experience gained over the last 10 years, the challenges in providing information and guidance to stakeholders and the fisheries authorities are based on three main aspects: a) predicting the time needed for target species to recover in the no-take areas in order to determine when a possible spillover can be expected, either as a consequence of density-dependent processes (Sánchez-Lizaso et al. 2000 , Jennings 2001 , Grüss et al. 2011 or due to the larger home ranges of bigger fish (Palumbi 2004 , Barret et al. 2007 , Grüss et al. 2011 ; b) determining the carrying capacity in the no-take areas to obtain reference values and provide data for fisheries models in order to achieve sustainable yields in similar ecosystems (Pauly 1984 , Clarck 1990 ; and c) determining which management measures applied in the buffer areas have been effective, and which have not.
In the scientific literature there is a wide range of results regarding the effect of the protection time on the recovery of resources. Thus, there are varying descriptions: quick recoveries of less than five years (Côté et al. 2001 , McClanahan and Arthur 2001 , Halpern and Warner 2002 ; linear models for species with different maximum sizes (Molloy et al. 2009) or for specific top predator species (McClanahan 2000) with estimated recovery times of between 15 and 30 years; exponential models involving decades or human intergenerational time scales for the recovery of some target species Alcala 1996, 2004; García-Charton et al. 2008) ; cases of biomass saturation for well defined species between 10 and 37 years of protection (McClanahan et al. 2007 (McClanahan et al. , 2009 ); and even cases in which the total biomass increases and then decreases due to cascade effects, intense fishing activities in the surrounding waters or ontogenic migration out of the protected area (Barret et al. 2007 , McClanahan et al. 2007 .
Given this wide range of responses to the protection time, concepts derived from the social and human sciences, such as the "idiosyncrasy" of each reserve, have been adopted to describe this multifactorial problem with many, very local interactions Sala 2007, McClanahan et al. 2009 ). Though it has been necessary to resort to these concepts, much of the diversity and conflict between the results is due to the methodological approach, as many studies are metaanalyses of geographically separated MPAs that use chronosequences (i.e. the protection time is replaced with specific cases of different reserves of different ages). Russ et al. (2005) and McClanahan et al. (2009) warn of the risk of confusing the effect of protection time with the chronosequences that do not take into account significant geographical differences, habitats, fishing intensity in the surrounding waters, socioeconomic aspects, management quality and, above all, the history of poaching in each reserve. These authors recommend continuing the long-term monitoring of specific reserves where these factors are known.
In this framework, the specific objectives of this study were to use the data obtained from continuous monitoring of three marine reserves in the Balearic Islands to: a) compare the effects of the protection level (no-take areas vs. buffer areas vs. fished areas) and the influence of habitat on a series of indicators calculated for the fisheries target species; and b) determine whether the no-take areas have achieved or are on the way to achieving the carrying capacity of the system.
MATERIALS AND METHODS

Study areas
This paper focuses on the three oldest fishery MPAs in the waters around the Balearic Islands. They were created in 1999, but enforcement and monitoring did not start until 2000. These MPAs can currently be considered level 5 or institutionalized according to the classification in White et al. (2006) , which depends on time since protection began, enforcement and the government's commitment to the protected area. All the MPAs include an area with maximum protection, or no-take area, where all fishing and diving are completely prohibited. In the rest of the MPA, which we call a partial reserve or buffer area, trawling and purseseining are prohibited while some forms of small-scale commercial fishing and recreational fishing are allowed under more restrictive conditions compared with open fishing areas. All the permitted forms of recreational fishing have a quota of 5 kilos plus one fish per fisher per day and a maximum of one fish for some vulnerable species.
The Ibiza and Formentera Marine Reserve (FMR) in "Els Freus" is located in the south of the Balearic Islands and encompasses an area of 13717 ha, of which 403 ha are a no-take area. In the partial reserve, spearfishing is prohibited and there is a permanent ban on recreational fishing in a part of the buffer zone alongside the no-take area (Fig. 1) . The trammel net is the main gear of the commercial fleet operating in the area. The fleet consists of 16 vessels in Formentera and 24 vessels in Ibiza. Recreational fishers mainly use hook and line, trolling and jigging for squid. Most of the seabed in this MPA is covered by Posidonia oceanica meadows, fine sand and coastal detrital sediments. Rocky seabeds occupy only 428 ha, mostly in the first 25 m depth.
The Marine Reserve of Palma Bay (PMR) is located on the NE side of Palma Bay on the island of Mallorca, and encompasses a total area of 2394 ha. The original no-take area occupied 208 ha, but in 2006 this was increased towards the north and south to make a total of 282 ha (Fig. 1) . The commercial fleet from the port of Palma is constituted by 24 small-scale vessels which mainly fish with trammel and gill nets in the PMR. Since 2006 there has been a nine-month ban on fishing with trammel nets within two-thirds of the MPA in its southern part. Recreational fishers are only permitted to fish four days a week with the following gears: hook and line, trolling, jigging for squid and coastal rods with an established minimum hook size. Palma Marine Reserve is the only one of the three MPAs studied in which spearfishing is permitted; however, this activity is restricted to four days a week with a quota for the most vulnerable species. Most of the seabed is covered by the seagrass Posidonia oceanica, sand and detrital sediment. The rocky area only occupies 92 ha in the shallower coastal belt, mainly in the first 15 m depth.
The North Menorca Marine Reserve (NMMR) is located on the north side of the most northern island of the Balearic Archipelago. It extends for 5199 ha, 838 of which are a no-take area. Another smaller no-take area of 217 ha is located on soft seabeds on the eastern . The three tones of grey correspond to a gradient from maximum protection R, no-take area (dark grey), to PR, partial protection (lighter greys). The non-protected area NR is shown in white. Numbers 1 and 2 specify two different sites within each protection level.
side, in the largest bay of the MPA (Fig. 1 ). In the partial reserve, 12 vessels fish commercially with trammel nets, long-lines and gill nets. Recreational fishers use hook and line, trolling and coastal rods; however, recreational fishing is totally prohibited in a part of the buffer zone surrounding the no-take area (Fig. 1) . This MPA has the largest proportion of rocky bottoms, which cover 2447 ha. These are not only restricted to the coastal belt as the rock continues from the shore to more than 45 m depth at many sites. The other major bottom types are fine sand and the seagrass Posidonia oceanica, which mainly grows on rocky substrata. The descriptions for the seabed types in each MPA come from detailed bionomic maps made by Ballesteros and Cebrian (2004) at the beginning of the monitoring period.
Sampling design
The three MPAs are found in the same biogeographic milieu and no differences in the ichthyofauna have been described among them (Cardona 2002) . However, as they are more than 150 km apart and there are sufficient differences in habitat conditions, size, historical exploitation of the island where they are located and the legislation within each partial reserve, they were analysed independently. This separate treatment is also justified because the sampling times did not always coincide in the three MPAs.
For each MPA and its surroundings we compared three protection levels: a) R, maximum protection or no-take area; b) PR, partial reserve with restricted commercial and recreational fishing; and c) NR, nonreserve control areas outside the MPA where fishing is permitted. To take into account sources of variation on medium spatial scales (hundreds to thousands of metres) (García-Charton et al. 2004) , two random sites on rocky seabeds were chosen within each protection level in each MPA: R1, R2, PR1, PR2, NR1 and NR2. Eighteen transects, used as count units, were censused at each site at each sampling time for FMR and NMMR, with the exception of Sampling 1 in the NMMR, where, due to weather conditions, only nine transects were censused. In the PMR, where there is less rocky habitat than in the other MPAs, only nine transects per site and sampling time were censused.
All surveys were carried out between late spring and late summer. The sampling times were: T1, 2000; T2, 2000; T3, 2001; T4, 2002; T5, 2003; T6, 2003; T7, 2006; T8, 2009 (N=864) for the FMR; T1, 2000; T2, 2001; T3, 2002; T4, 2003; T5, 2005 and T6, 2008 (N=324) for PMR and T1, 2000; T2, 2000; T3, 2001; T4, 2002; T5, 2003; T6, 2003; T7, 2005 and T8, 2007 (N=810) for the NMMR.
Data collection
Fish and habitat data were collected through visual censuses carried out by scuba divers. The sample unit or count unit was a transect of 50 x 5 m (250 m 2 ) marked out on the seafloor with a tape as the diver swam forward. Each transect was sampled by a single diver who focused on a rocky fish assemblage targeted by commercial, speargun and surface-recreational fishing. This fish assemblage is characterized by having small home ranges which correspond to spatial categories 3, 5 and 6 described by Harmelin (1987) . Focusing the census on such a reduced group of species improves the accuracy of the census, as Greene and Alevizon (1989) demonstrated with discrete group censusing. Moreover, it is less timeconsuming and allows a greater number of count units to be carried out than censusing the entire fish community. All the divers were experts in determining fish species, and the census process and size estimations were carried out after the divers had undergone training protocols with artificial fish distributions (Bell et al. 1985) . All transects were haphazardly distributed, always on rocky substrata between 3 and 15 m depth and with a distance greater than 20 m between contiguous transects.
As the divers returned they picked up the tape, and the portion of tape that each type of habitat occupied was recorded: (SB) small rocky blocks (∅<1 m), (MB) medium rocky blocks (1<∅<2), (LB) large rocky blocks (∅>2), (HR) homogeneous rock, (S) sand and (POS) Posidonia oceanica. The depth of the transects was kept as constant as possible, and the minimum and maximum depths were always recorded. The topographical complexity of the seabed was estimated as a proxy of the rugosity as described by Luckhurst and Luckhurst (1978) and the slope of the transect. This proxy of rugosity is a semi-quantitative variable that was scaled from a minimum of 1 to a maximum of 4 based on a scale that has been used previously by other authors (Ordines et al. 2005) . The slope is also a semi-quantitative variable, but is ranked locally on the transversal inclination of the transect: 1, inclination less than 30°; 2, from 30 to 60°; 3, from 60° to 90°; and 4, for caves and overhangs.
Data analysis
Study of the effects of protection
Five synthetic indicators were calculated for each transect based on the density data and specific sizeweight relationships (Morey et al. 2003) , where Bt is the total biomass (g of total wet weight 250 m -2 ), St is fish richness (i.e. number of species), Dt is total density of fish, S 20 is number of species when fish size was greater than 20 cm, and D 20 is fish density when fish size was greater than 20 cm. The threshold of 20 cm was selected because it is over the mean legal size for most fish and between one-third and two-thirds of the maximum size of most target species dealt with here, except for Serranidae and eelfish, which normally occur at low densities. Therefore, this threshold value allowed us to analyse the fraction of the population corresponding to the medium and large fish for most species.
When the different fish families in an MPA were well represented at the different sampling times, the biomass per family was also used as an indicator. Given that the families Muraenidae and Congridae share very similar habitats and ecological niches, they were grouped together in the eelfish guild. The trophic level for each species was determined using www.fisbase. org (Froese and Pauly 2000) .
The values of these indicators were treated as dependent variables in a mixed hierarchical ANOVA design with three factors: protection (P), fixed and with three levels (R, PR and NR); site (S), random and nested within protection S(P); and time (T), fixed and corresponding to each sampling time. The linear model of this ANOVA is represented with the equation: X ijk =m + P i + T j + S(P) k(i) + T×P ij + T×S(P) jk(i) + Error l(ijk) , where X ijkl is the value of an indicator within a transect (l) from a site (k) at a time (j) and protection level (i), while m is the overall mean.
As this study began almost when the three MPAs were first established and enforced, any different evolution over time under a specific protection level can be considered a significant T×P interaction if the response between sites is homogeneous, or the interaction T×S(P) jk(i) if the response between sites is not homogeneous. When the factor S(P) was not significant its sum of squares and that of residuals were joined and the analysis of the main T×P factors was carried out again. This pooling was only carried out when the probability of accepting the null hypothesis when it is true was high (P>0.20) (Underwood 1997) . If there was a significant interaction (T×P), further analyses were carried out as independent comparisons of protection level at each time by means of multiple comparisons using the Student-NeumanKeuls procedure.
Before the analyses were performed, the homogeneity of variances (by means of the Cochran test (Zar 1984) ), the absence of correlation between means and the standard deviations and data normality were tested. When these assumptions were not fulfilled, data were log (x'=log(x+1) or square root (x'=√x) transformed. If these assumptions were still not achieved even with these transformation, the raw data were analysed, taking care to increase the significance level from P<0.05 to P<0.01 to avoid the risk of type I error (Underwood 1997) .
Within each protection level or within each site, if this last factor was significant, a linear regression analysis was performed between the mean value of each indicator and protection time in order to determine the sign of the variations indicated by the ANOVA.
The effect of habitat and protection
We used two approaches to determine the effects of the habitat variables on the indicators and whether it is possible to confuse them with the T×P interaction: we compared all the habitat variables at the protection level and site level through nested ANOVA; and we performed a forward multiple regression analysis between the habitat variables recorded in each transect with the indicators as response variables. In both cases the percentage cover data were square root transformed and Pearson correlation analysis was used to test the colinearity of all independent variables. The sum of all the blocks (B) was positively correlated with LB (R>0.6; P<0.000) and rugosity, and negatively correlated with RH. This indicates that in most situations where there were no blocks, RH was dominant and vice versa. RH correlated negatively with rugosity (R=-0.59; P<0.000). Thus, total blocks and RH were not included in further analyses. Posidonia and sand covers were minor and occurred with practically all substrata types. The maximum and minimum depths were averaged in each transect to test the effect of the mean depth.
The determination coefficient (R 2 ) for each resulting equation was tested by an F test. When the variance explained by the equation was significant (P<0.05) and greater than the highest sampling precision obtained for the response variable at any site and time, we performed the same ANOVA analysis that was applied to indicators but using the residual values from the multiple regression analysis as dependent variables. Therefore, we compared the results showing the effects of protection level and time on the indicator with the results when the habitat component was not considered (Chapman and Kramer 1999, García-Charton et al. 2004) . The percentage of the standard error with respect to the mean value ((se/mean)·100) for each site and sampling time was used as a measure of the sampling precision for the synthetic indicators (Samoylis and Carlos 1992).
The carrying capacity in the three MPAs
As there are no anthropogenic disturbances in the no-take areas, the system is expected to reach its full carrying capacity; therefore, in addition to the linear approach performed through ANOVA, we tested other non-linear functions in the no-take areas only. The mean total biomass (Bt) was used as the dependent variable because it includes the increases in species number as well as fish abundance and size. Furthermore, the use of Bt is justified from a fisheries perspective as the MPAs included in this study were created to enhance fishing, and fisheries management has traditionally been based on biomass reference points (Caddy and Mahon, 1995) .
Different functions were fitted for protection time and mean Bt, using the non-linear least-squares Levenberg-Marquardt algorithm. The proportion of variance explained by each model (R 2 ) was analysed with an F test corrected for degrees of freedom (adjusted R 2 ). The models studied were:
A constant linear increase in biomass over time (T), where Bt=a+b·T.
A sustained increase over time or exponential increase, where Bt=a·e (r·T) , where r=the intrinsic rate of increase and e=Euler.
Initial fast growth that later slows down approaching a theoretical maximum Bt. This is the Von Bertalanffy model: Bt=K·[1-e (-r(T+t0) ], where K=maximum theoretical Bt and t 0 =theoretical time when the biomass of the system would be zero.
The best-fit logistic curve (Kaufman 1981), sigmoid in shape and symmetrical with respect to the inflexion point, approaching an asymptote (K) over time. It incorporates t 0 with respect to the traditional logistic curve: Bt=K·[1+ e -r(T+t0) ] -1 .
The Gompertz curve, which is similar to the logistic curve but is non-symmetrical with respect to the inflexion point and approaches the asymptote (K) more gradually: Bt=K·e[-e (-a(T+t0) ].
The K±se parameter from the asymptotic curves was interpreted to be the carrying capacity of the system. These values were compared by a two-tailed t test with mean Bt±se values obtained in a given protection time.
RESULTS
Nineteen species belonging to eight families were censused during the entire monitoring period. Eighteen species were censused at Freus, 11 at Palma and 16 at Menorca. Ten of these species were macrocarnivorous fish with high trophic levels (TL, 4.0±0.1): the Congridae Conger conger; the Serranidae Mycteroperca rubra, Epinephelus caninus, E. costae and E. margina- Table 1 . -Freus MPA. Summary of ANOVA results for the factors P, protection, T, time, S, site, and their interactions on five indicators of the target fish assemblage. Bt, total biomass; St, number of species; S 20 , number of species for fish greater than 20 cm; Dt, total density of fish; D 20 , density of fish greater than 20 cm. Precision=maximum, average and minimum ((se/mean)*100) for any site within a given protection level and time. Underlined=log 10 (x+1) transformed. Underlined*=log 10 ((X) 0.5 +1) transformed. The temporal trend of these indicators is shown as: ↑, increase; ↓, decrease; ↔, stability or once-off shifts with no defined trend. The significance of these trends is shown by a t test on the slope of a linear fitting (* P<0.05; ** P<0.025; *** P<0.01; ns, not significant). The equation resulting from the multiple regression analysis between the indicator and habitat variables is shown in the penultimate column (see Table 4 for abbreviations of variables). When the variance explained by these models (R 2 ) is greater than the maximum sampling precision, the last column shows the ANOVA results performed on residuals of the multiple regression. 
Freus MPA in Ibiza and Formentera
The indicators Bt, St, S 20 and D 20 showed different temporal trends within the different protection levels, which is indicated by the significant T×P interaction (Table 1) . The post hoc tests showed that no indicators had higher values in the R or PR areas than in the non-protected area during the first study year, a pattern which shifted to the inverse as protection time increased (Table 2 ).
The effect of site was also significant and produced different recovery rates both in the no-take area and in the partial reserve. Within the no-take area, Bt doubled (×2.3) between the first and the last study year at R1 while it tripled (x3.4) at R2. Fish biomass also diversified in the no-take area, doubling the value of St at both sites (Fig. 2) . The values of S 20 were nearly four times greater at both R1 (×3.7) and R2 (×3.9), while D 20 increased 4.3 times at R1 and 7.1 times at R2 (Fig. 2 ). These were not occasional increases but rather corresponded to increasing patterns which tended to reach an asymptote between the fourth and fifth year of total protection, which was why their linear fitting was not always significant (Table 1) .
The five most frequent fish families within the notake area showed increasing trends over time and are the reason for the above mentioned increasing trends, though only Sparidae, Labridae and Scorpaenidae showed a significant T×P interaction (Table 3) .
In the partial reserve, PR1 showed cyclic temporal variations without a clear pattern for any indicator (Fig. 2) . In PR2 there was a significant linear increase in Bt (R 2 =0.72, P=0.008) resulting from an overall increase in all indicators (Table 1 and Fig. 2) . The control sites did not show either growing trends or significant differences over time for any indicator (Table 1) .
Habitat variables played a negligible role in the recovery of resources given that no combination of variables could explain more than 5% of the variation: a percentage which is much lower than the sampling error estimated at any site at all sampling times (Table  1 ). Habitat differences occurred only at site level and not between protection levels (Table 4) .
Palma Bay MPA
The protection by time interaction was only significant for St and S 20 (Table 5) . Post hoc tests showed that species richness was lower in the R than in the PR and the control area in the first sampling. During the fourth year St was already higher in the R and PR than in the control areas, while for the last sampling only R showed a higher mean St than the control area ( Fig. 3 and Table 6 ). The multiple regression analysis showed that rugosity and slope accounted for up to 18% of the variation in St (Table 5) . When the effect of these covariables was excluded, protection time continued to be highly significant (P<0.01) although the T×P interaction was not significant (Table 5 ). In the case of S 20 , the T×P interaction, with P=0.03, was not strictly Table 5 ). The rest of the indicators showed significant temporal differences in both protected and unprotected areas. Despite these variations, some of which only occurred at a specific time, all indicators except Dt showed significant increasing trends within R and S 20 and D 20 also in PR. The site effect was not significant for these indicators and the linear fitting for all the mean values from R was accurate and significant for Bt (R 2 =0.631, P=0.002), St (R 2 =0.762, P=0.0002), S 20 (R 2= 0.69, P=0.0008) and D 20 (R 2 =0.52, P=0.008). Labridae again played an important role in the increases of Bt, showing significant greater mean biomasses in the last sampling time (Table 3 ).
In the partially protected area a less accurate increasing pattern was found for the indicators that account for large fish: S 20 , R 2 =0.44, P=0.019 and D 20, R 2 =0.42, P=0.023. The control sites showed some increase in a given time but with no defined pattern for any indicator ( Fig. 3 and Table 5 )
North Menorca MPA
All indicators showed significant changes over time at all protection levels, and thus the T×P interaction was not significant in any case (Table 7) . The local effect at site level was very large for most indicators. Within the no-take area, Bt, Dt, S 20 and D 20 showed growing trends but they were only significant at R1 (Table 7 and Fig. 4) . Bt was under 1000 g 250 m -2 on the first sampling date, while it had increased by a factor of x4 at both R1 (916.6 vs 4220.2 g) and R2 (705.1 vs 2754.4 g) after 7 years (Fig. 4) . The density of large fish (>20 cm) was very low at the beginning of the study; however, this was the indicator that increased most between 2000 and 2007, by a factor of ×4.8 at R1 and by ×13 at R2 (Fig. 4) . The sharp drop in all indicators in 2005 meant that the later increase and high final values were not enough to make the linear fittings significant at Site 2 (Table 7) .
Growing trends were also observed within the partially protected reserve but they were only significant in PR2 (Table 7) . Bt, Dt and D 20 have increased at this site by 3.8, 1.7 and 5.9, respectively, since 2000. Similar but not significant trends were observed for Bt, S 20 and D 20 at PR1, which showed maximum values in 2003 that later decreased (Fig. 4) . Serranidae and Labridae were the families involved in a better response to protection (Table 3) .
At the control sites, Bt decreased at NR1 within this period while it increased by 3.3 at NR2 (886.5 g vs 2918.8 g) with a high spatial variation at transect level (Fig. 4) .
The influence of habitat variables on these results was negligible given that they did not explain more than 5.2% of the variation in any case, which is within the limits caused by sampling error (Table 7) .
Carrying capacity in the three no-take areas
In the FMR the three functions which contain an asymptotic parameter explained more than 70% of the variation in Bt (Table 8 ). The best-fit-logistic function was the function that fitted the temporal trend of the data most accurately, explaining 50% more variation than the linear and exponential functions at R1 and 30% more at R2. The carrying capacity was reached after 7.9 years at R1, with a value of K=6931.2±736.4 g 250 m -2 , and after 7.4 years at R2 with K=4226.1±362.1 g 250 m -2 (Fig.  5) . These theoretical values would result after a readjustment of Bt at R1 provided that the K value had already been exceeded in the fourth year. At R2, K±se did not significantly differ from the mean Bt values observed between the third and fourth years (t=0.387; P>0.65).
In Palma, the best-fit logistic function explained the most variation in the data for both R1 and R2. As Bt did not differ between the two study sites the combined fit gave a K=2656.4±411.9 after 14.5 years and explained 71% of the total variation (Table 8) . These values resulted in a very low accumulated increase in biomass since the fifth year (see Fig. 5 , showing an increase of 192 g in 9.2 years), up to the point where the theoretical K value did not differ from the mean Bt value after 5.3 years (t=0.535; P>0.60). Therefore, we could argue that the carrying capacity in the Palma notake area was achieved after five years (Fig. 5) .
A different temporal trend was observed for Sites 1 and 2 in Menorca (Table 8 ). The variance explained by the asymptotic functions (R 2 =0.78-0.79) at R1 was very similar to that obtained through linear fitting (R 2 =0.77), which did not allow us to determine whether the carrying capacity of the system had already been reached. At R2, the best-fit logistic curve explained the most variance (R 2 =0.65). The K value at this site was 2394.0±381.6 g 250 m -2 after 6.3 years of protection. As in the FMR, this value would result after a readjustment of the biomass observed since the fourth year of closure (Bt=2892.5±405.0). 
DISCUSSION
The effect of time at each protection level
Time has led to large significant changes in almost all of the indicators in the 3 MPAs. However, site-specific responses and/or sporadic changes at certain control sites (Palma and Menorca) meant that the interaction between time and protection level was not always statistically significant. The analysis of temporal patterns within each protection level and at each site was very helpful to interpret the changes that have occurred.
The indicators that determine the frequency of large individuals (D 20 and S 20 ) always increased significantly over time in both or one of the completely or partially protected sites in the 3 MPAs. The the most frequent species have become larger over time and the species that were rarer at the beginning of the study have increased in occurrence and size, leading to an increase in biomass and therefore a recovery of the populations of target species in all three MPAs.
The "reserve effect" (García-Rubies and Zabala 1990, Polunin 1991, Lester et al. 2009 ) was most consistent and homogenous at Freus because all the indicators except for Dt showed a significant T×P interaction, with positive trends in the no-take area and in PR2.
The seabed complexity in the no-take FMR is rather low (Table 4 ). R1 is dominated by flat rock, and in R2 seagrass and detrital sediment define boundaries with the shallow rocky blocks (Ballesteros and Cebrian 2004) . The richness of the target fish assemblage was lower in this area than in the control area during the first two years of monitoring. However, although the protection time reversed this trend and significantly increased fish richness, the habitat type of these sites does not favour the establishment of large populations of large carnivores (e.g. large Serranidae) as in other Mediterranean MPAs that have highly complex substrates down to considerable depths (>30 m depth) (Zabala et al. 1997 , Reñones et al. 1999 , García-Charton et al. 2004 . The data on habitat type and rugosity (Table 4) suggest that there are probably very few refuges for these large carnivorous fish. Therefore, with low values for this fish guild, the habitat characteristics of the no-take FMR favour large-sized, long-lived Labridae species of the Labrus genera which feed on invertebrates and small fish. The biomass of these species has increased by two orders of magnitude in the no-take area and by a factor of 3.7 in the partial reserve (Table 3) . They are less refuge-dependent than large carnivorous fish and spend most time searching for food over flat rocky seabeds covered with algae and Posidonia. Without doubt the endangered species L. merula and L. viridis, which are traditionally targeted by trammel nets and spearfishing (Coll et al. 2004 , Abdul Malak et al. 2011 , are among the most favoured by protection in the no-take FMR.
The quality of the habitat in the no-take area of the Palma reserve is also low for rock fishes, as the sea bottom is dominated by flat rock with some sand and has low seabed rugosity (Table 4) . While initially it would seem that the recovery capacity of these seabeds is low, all indicators except Dt have responded positively over time. St significantly increased in the no-take area, although it was conditioned to some extent by the presence of a nearby quality habitat. That is, the average number of species increased per transect only when the seabed rugosity and the presence of rocky blocks made it possible for resident species to appear more frequently. S 20 , which depends to a great extent on fishing mortality, responded positively to protection independently of the complexity of the habitat. This is the same case as that commented above for Labridae, and also for the Sparidae D. sargus, D. vulgaris and D. puntazzo, which feed on algal communities at shallow depths despite the low seabed rugosity of these environments (Sala 1996) . The final biomass values around PMR are low (<3000 g 250 m -2 ) and occasional appearances of schools of D. sargus and/or D. vulgaris at control sites led to similar increases in biomass to those observed in the no-take area. However, there is a clearly defined pattern in the no-take area (significant growth regressions for most indicators) that is absent in the controls, which shows that the positive evolution of the indicators in recent years is due to the protection measures.
The state of the resources was very poor in the NMMR at the beginning of the study. Despite the trends of increasing biomass both in R and PR, the differences between the NMMR and the controls were neither high nor significant mainly because of the low initial values in the MPA, possible cases of poaching, fish relocation, and the increase in the resources in NR2. These results clearly show that single once-only protected vs unprotected comparisons can mask positive recovery trends resulting from protection. Although positive responses at control sites are not unheard of in the literature (see Russ et al. 2005 , Samoilys et al. 2007 , Francini-Filho and Moura 2008 , in this case we attribute this result to the sampling, particularly in the random placement of transects in a very heterogeneous environment, both in habitats and uses. The census transects in NR2 in recent surveys moved haphazardly towards a bay used intensively for recreational purposes (swimming, pedal boats) that prevent both recreational and professional fishing. There was, in fact, a micro-reserve effect in the bay due to the segregation of uses with significantly different impacts on fish populations, which explains the observed recovery. The total density of fish (Dt) did not show a T×P interaction in any of the MPAs studied. The fact that this indicator did not respond in a similar way to the others shows that the young fraction (small size) of each population, which without doubt affects the total density, is subject to variations that are independent of protection. The interannual variations between settlement and recruitment or the habitat characteristics at site level, which favour settlement to different degrees, can be as large inside as outside the MPAs (see MacPherson et al. 1997) . Moreover, the fisheries regulations outside the MPAs are restrictive enough to protect small fish, especially the most abundant ones (Sparidae), preventing total depletion at these sites. Several studies in both temperate and tropical locations show higher abundances of target species inside than outside no-take areas. However, the effect of protection time on total abundance was not found to be significant (Micheli et al. 2004 , Tetreault and Ambrose 2007 , Molloy et al. 2009 or was found to act only at species-specific or guild-specific levels (Guidetti and Sala 2007) . Most of these studies highlight the importance of analysing biomass when the reserve effect and protection time are tested.
Many studies have described the efficiency and advisability of partially protected marine areas or buffer areas, with the general conclusion that they are fairly inefficient (Denny and Babcock 2004 , Lester and Halpern 2008 , Di Franco et al. 2009 ). In the present study, the evolution of the resources in the buffer areas was greatly conditioned by the habitat characteristics at each site as well as the current fisheries regulations.
At Freus, the characteristics of FRP1, with low rugosity and few rocky blocks, facilitates fishing with trammel nets very close to the coast. The high fishing pressure (data from the Directorate-General for Fisheries) in this area has probably prevented the recovery of target fish. FRP2 has a more complex seabed, with more rocky blocks and higher rugosity, which makes it difficult to fish with trammel nets. Thus, at this site the Bt has increased by a factor of 3.3 (Fig. 2) .
At Palma, Bt did not show a significant increasing pattern inside PR, demonstrating that regulating spearfishing with fishing days and quotas is not effective. Prohibiting fishing for three days a week leaves four days free to practice this recreational activity. This fishing frequency is much higher than that exercised by most recreational fishers in the Balearic Islands , and therefore there is no substantial reduction in fishing effort. Moreover, the increasing trends in S 20 and D 20 in this partially protected area are mainly due to the total protection of PR1 in 2006, two years before the most recent samples were taken (Fig. 3) .
The results of the partial reserve in Menorca are considered positive because Bt has increased by a factor of 2.7 in the two sites together. This positive outcome in a context of active fishing is reinforced by the good results of the grouper longline fishery, which between 2002 and 2006 increased in catch per unit effort by a very similar factor (x3) within the limits of the partial reserve (Coll et al. 2007 ). The results also extend to other species included in the study by Cardona et al. (2007) , who, with a single spatial comparison, found a greater density of omnivorous sparid fish within the NMMR partial reserve than in open fishing areas. Prohibiting spearfishing in complex environments with high rock cover and rugosity favours the groups of species mentioned.
Carrying capacity
It is noteworthy that K is a descriptor of current and local conditions and therefore information derived from K is only applicable to current environmental and faunistic conditions prevailing in the littoral ecosystem. We acknowledge that current conditions cannot be considered those of "pristine biomass" (see comments of McClanahan et al., 2007) or a "pristine level" (Babcock et al., 2010) , as in this case a large mammal (monk seal) and three shark species which could naturally be expected to enter and feed in the MPAs are currently locally extinct or endangered (Mayol et al., 2000 , Sala 2004 ). The home range of these species is much greater than that of the studied no-take areas, which would therefore offer them little protection from fishing. However it is important to acknowledge their potential influence, because overriding the K parameter without considering the faunistic history would lead to a shift in the base lines we use (Pauly 1995, Knowlton and Jackson 2008) .
Acknowledging that we are referring to the current habitats and environmental conditions, we consider that resources in the no-take areas of FMR and PMR and at site 2 of the NMMR are practically at biomass saturation level. This recovery is likely to have been achieved through a combination of processes. Growth from settlement and recruitment are known to occur predominantly at the shallower sites (MacPherson 1998 , Guillanders et al., 2003 and will therefore be an important process at these sites, but would naturally lead to a slower recovery period. This could be the case in the PMR, which has relatively low intrinsic rates of Bt growth (r<0.7; Fig. 5 ). In contrast, immigration of large and often less common fish from deeper waters would lead to a faster path to recovery of the no-take areas. This process is likely to have occurred in the FMR, which has deep neighbouring seabeds and has shown higher rates of intrinsic growth for Bt (r>1.3; Fig. 5 ).
Nevertheless, the K values observed should be interpreted as theoretical references. A first order variation of K is within the error margins observed (K±se) due to variance at a low spatial scale. Since these are quite accurate (<20% of K in all cases) these K values can be used as reference values with which to assess the resources in other areas of the Balearic coast. Another variation order would be in the time scale. Given that the patterns of recruitment, food availability, immigration/emigration and the phenomena of initial compensation due to low values of adults at the origin (Lorenzen 2008 ) vary annually within certain margins, K should be considered as a value that fluctuates over time. Cascade effects due to longer periods of growth for large carnivorous fish and time-lags between fishing mortality changes and community-based indicators could also affect final K values (Shephard et al., 2011) . In this context, Babcock et al. (2010) showed that the target species returned to their former (sic) level in about five years in both temperate and tropical marine reserves. However, once this state was achieved, the resources did not always remain constant but rather increased or decreased periodically. These patterns have not yet been observed in Balearic MPAs.
The general biomass saturation observed in the notake areas dealt with here is in accordance with many studies that describe a quick recovery of the resources, from 3 to 5 years (Cotê et al. 2001 , Halpern and Warner 2002 , Babcock et al. 2010 , or, in a broader time frame, within the first 10 years (Micheli et al. 2004 , McClanahan et al. 2009 and McClanahan et al. 2007 for some species). Our results, however, are not in line with the recovery predictions on a longer time scale, as some studies predict that more than 10 years or even human intergenerational periods are needed for resources to recover (McClanahan 2000 , Russ and Alcalà 2004 , Molloy et al. 2009 ). For example, Guidetii and Sala (2007) stated that none of the 12 marine reserves studied through meta-analysis in the western Mediterranean, with protection times between 1 and 18 years, had yet reached full recovery. However, these authors compared the differences in density inside and outside the reserve, an approach that can mask the real extent of recovery of the protected area. They suggest that the specific response of each reserve to the protection time depends on local physical and biological factors.
Without doubt local factors affect the six fully protected sites studied here, as they show idiosyncratic recoveries: different K values, different times to reach them and no clear saturation at R1 in the NMMR. These different K values or recovery patterns demonstrate the importance of local factors and also show that we are not dealing with a system that protects hot spots but rather one that protects parts of the coast that are representative of the general coastal environment of the Balearic Islands. Although we should keep in mind that our Bt data corresponds to a "reduced biomass" (from discrete group censusing), the K values of the Balearic MPAs are lower than biomass values given for other western Mediterranean MPAs. FR1, with its 27.6 t km -2 , is the only site that can be compared with the values obtained by García-Charton et al. (2004) for the same group of species in 4 MPAs: 25.6 t km -2 in Cabrera National Park, 27.6 t km -2 in the Cabo de Palos Marine Reserve, 32.4 t km -2 in the Cabo de Gata Marine Reserve; however, it is far from the 103.6 t km -2 found in the offshore Columbretes Islands Marine Reserve. In fact, most of these MPAs can be considered as unique systems, created in areas with structurally complex seascapes that form favourable habitats for the development of rich and abundant reef fish fauna (García-Charton and Pérez-Ruzafa 1999).
Overall, the first three fishery MPAs created in 1999 in the Balearic Islands show positive results in the recovery of important fish assemblages, with a considerable increase in the number of large fish and growing diversity in the no-take areas within the first five years of protection. The partially protected areas were also observed to be effective if there is a quality habitat and the fishing gears that are prohibited are those that are most effective in this habitat (e.g. trammel net for low topography seabeds and spearfishing for highly complex habitats). Future studies should focus on analysing the factors that lead to different carrying capacities, whether they are bottom-up processes due to bottlenecks (sensu Caddy 2008) in the system itself, or top-down processes (e.g. poaching or fishing the line) in which corrective management measures can intervene. In this context, the evolution of the resources should be investigated in deeper waters, where adult fish can reach larger sizes (Gillanders et al. 2003 , Palumbi 2004 ). In deeper waters fish populations can be expected to need longer time periods to recover, which would be more in line with the predictions of Guidetti and Sala (2007) and García-Charton et al. (2008) , and more consistent with the life span of key target species (e.g. 65 yr for E. marginatus, 16 yr for S. umbra and >19 yr for L. merula). These predictions would be in accordance with the study by Stobart et al. (2009) , who show that a stable state had not yet been reached for deep waters (50-80 m) after 16 years of protection in the Columbretes Islands Marine Reserve.
